INTRODUCTION
Preconditioning is protection resulting from prior sublethal acute injury. This protective mechanism was initially described in 1986 by Murry et al (32) who found that canine myocardium, subjected to a small ischemic injury, was protected from a second, larger insult, resulting in smaller areas of infarct and improved cardiac function. Since that time, studies have provided evidence of both acute (5, 8, 14, 44) and delayed forms of preconditioning (18, 22, 29, 48) noting that delayed protection can persist up to 72 hours after the preconditioning stimulus. Furthermore, other investigations have noted that, in addition to ischemia, other stressors such as endotoxemia (29, 30, 36) , heat stress (26, 28, 41), and trauma/hemorrhage (21, 23, 33) are capable of inducing a preconditioned state. Finally, there is evidence that acute injury is capable of producing cross-tolerance in different organs distant from the initial insult, resulting in protection from additional injury (11, 14, 15, 52).
Another mechanism associated with protection from acute injury is related to gender. Studies have shown that females are relatively protected from acute injury (1, 7, 47, 50, 54) . Clinical investigations have indicated that females fare better in the immediate aftermath of myocardial infarction than males (43, 45, 46); although one month mortality is equivalent between the sexes. Females have also been noted to have lower rates of arrhythmias and congestive heart failure after ischemic events compared to males (10). In addition to clinical data, small animal studies have shown that females have improved cardiac function after acute injury. We have previously demonstrated that female rats experiencing ischemia/reperfusion (I/R) had better functional recovery and decreased expression of inflammatory mediators than males (47). Additionally, studies standard rat chow and allowed to eat and drink ad libitum, while acclimating in a quiet quarantine room for one week prior to experimentation. The animal protocol was reviewed and approved by the Indiana Animal Care and Use Committee of Indiana University. All animals received humane care in compliance with the "Guide for the Care and Use of Laboratory Animals" (NIH publication No. 85-23, revised 1985).
Experimental Protocol. Animals were given an intraperitoneal (IP) injection of 125 or 500 micrograms/kg Salmonella typhimurium lipopolysaccharide (ETX) or 0.4 ml normal saline (NS). After 24 hours, another IP injection of 500 micrograms/kg ETX was given.
One or six hours later, the animals were anesthetized; their hearts rapidly excised and myocardial function evaluated using the Langendorff perfusion model. Normal females were ensured to be in the proestrus state by performing daily vaginal swabs.
Ovariectomy was performed four weeks prior to the initiation of these experiments. This time period allowed for complete depletion of endogenous estrogen as well as avoidance of the potentially confounding effects of acute injury associated with surgical ovariectomy.
Experimental Groups. The following experimental groups (n=4-5/group) were formed.
Non-preconditioned (PC-) rats received an IP NS injection. Preconditioned (PC+ 500) rats received 500 micrograms/kg ETX as the preconditioning stimulus. Preconditioning threshold animals (PC+125) received a 125 micrograms/kg ETX preconditioning stimulus. After 24 hours, 500 micrograms/kg ETX injury dose was administered IP to all groups, followed one or six hours later by assessment of cardiac function (figure 1).
Endotoxin solutions were prepared with sterile 0.9% saline. 
RESULTS

Myocardial Function
LVDP. One hour groups showed no decrease in left ventricular developed pressure (data not shown). Considerable differences however were seen in the six hour groups. Both normal and OVX non-preconditioned (PC-) groups experienced a profound decrement in LVDP compared to shams (p<0.0001 and p<0.004 respectively) (figure 2).
In contrast, both normal and OVX groups preconditioned with 500 micrograms/kg ETX (PC+500) were protected from the second ETX insult resulting in preserved myocardial function (p>0.05 vs. sham). Interestingly, OVX rats preconditioned with 125 micrograms/kg ETX (OVX PC+125) maintained near normal LVDP compared to sham Final Accepted Version R-00452-2005.R1 animals (p>0.05) while the normal females preconditioned with 125 micrograms/kg were not protected and had a substantial decrease in LVDP compared to sham (p<0.001). dP/dt. Positive and negative dP/dt are measures of myocardial contractility and relaxation, respectively. Both six hour groups of PC-animals had considerably less compliance compared to shams ( figure 3A and 3B ). Both normal and OVX PC+500 groups maintained near normal compliance after preconditioning, while PC+125 females were not protected resulting in noticeably reduced contractility and relaxation. In contrast the PC+125 OVX females retained compliance similar to that of shams. There was no appreciable difference in + or -dP/dt for any of the one hour groups (data not shown). No difference was found between any of the groups in coronary flow rates (data not shown).
JNK Activation
Active JNK expression was decreased in OVX PC+125, OVX PC+500, and normal PC+500 groups compared to PC-groups indicating protection via as a result of preconditioning (figure 4). Importantly, normal PC+125 females had increased JNK activation similar to both normal and OVX PC-groups correlating with the differences seen in myocardial function.
p38 MAPK Activation
The amount of activated and total p38 MAPK was not different among any of the groups at the time point measured (figure 5).
TNF, IL-1, IL-6
TNF expression was decreased in the OVX PC+125 and OVX PC+500 animals compared to the OVX PC-rats. In normal females, TNF expression was elevated in the PC-and PC+125 groups. PC+500 animals exhibited decreased TNF production, although not significantly, compared to PC-rats at this time point ( Figure 6A ).
Expression of IL-1 was higher in normal PC+125 animals; however no difference in expression was noted between animals in any other groups. Finally, IL-6 production resulting from endotoxic injury was not different between any of the animals at this selected time point ( figure 6B and 6C) .
DISCUSSION
These results clearly show that 1) both normal and OVX females can be preconditioned; 2) endogenous estrogen mediates the higher endotoxin-induced myocardial protection threshold in females; 3) decreased myocardial function correlates with increased active JNK (p-JNK) and TNF expression; 4) preconditioning modulates the activation of JNK in endotoxin-induced myocardial protection; and, 5) the decrease in p-JNK and expression of TNF in OVX PC+125, OVX PC+500, and normal PC+500 females emphasizes that the higher preconditioning injury threshold is mediated by endogenous estrogen in females.
Studies have shown that ETX exposure leads to depressed myocardial function (19). Meng and colleagues found that cardiac performance, after ETX administration, diminished significantly between 4 and 6 hours following exposure. In addition to demonstrating the myocardial depressive effect of ETX, their results also showed that myocardial function was preserved after preconditioning with endotoxin (29). Our data is consistent with this report, indicating that both normal and OVX females had similarly decreased cardiac performance 6 hours after ETX administration. Interestingly, our results show that both normal and OVX females can be protected when ETX is used as the preconditioning stimulus. This is in contrast to an investigation by Song et al (42), which noted that OVX females were unable to be preconditioned and had resultant decreased myocardial function. This divergence in results may be due to differences between acute and delayed preconditioning as Song's group evaluated early processes while our results evaluate delayed preconditioning. Furthermore, the injury applied may not have been sufficient to surpass the injury threshold and therefore did not induce a preconditioned state.
In work previously performed by our group, we determined that females have a higher preconditioning injury threshold than males (36). This study clearly demonstrates that the higher injury threshold in females is mediated by endogenous estrogen. Our results show that normal PC+125 females were not preconditioned with the lower ETX injury, indicating they are relatively protected from small acute insults. In contrast, estrogen depleted OVX PC+125 females developed preconditioned protection showing that the smaller acute injury was capable of inducing preconditioning mechanisms, again emphasizing endogenous estrogen's role in mediating the higher injury threshold. The protective effects of estrogen have also been described by Mizushima et al (31) who noted that males given estrogen had improved myocardial function and less inflammatory cytokine expression after trauma/hemorrhage than controls. Furthermore, a study by Cavasin and associates (6) found that estrogen depleted OVX females had larger areas of myocardial damage and resultant decreased function after injury than those animals receiving estrogen. Finally, our lab has demonstrated that normal females experience improved myocardial function and an attenuated inflammatory response after ischemic injury compared to males (47). Clearly endogenous estrogen, as demonstrated through in results of this study, exerts powerful protective effects. Other investigations, as previously noted, have provided evidence that exogenous estrogen also provides protection from acute injury. Because the stresses associated with estrogen administration and determination of estrogen levels after exogenous administration may influence the preconditioned states, this study aimed only to determine whether or not endogenous estrogen was the mediator the higher preconditioning threshold in females.
One of the mechanisms by which acute injury produces myocardial dysfunction is through a profound inflammatory response (3, 20, 27) . Acute injury results in signal transduction through kinases such as JNK leading to increased expression of nuclear factor kappa B (NFkB) and pro-inflammatory cytokines such as TNF (13, 25). The results of this study showed preconditioned animals expressed lower amounts of p-JNK.
These findings are consistent with work performed by Sato et al (39) who found that preconditioning attenuated the increased expression of JNK after I/R injury. In an examination by Asai and colleagues (2), they noted that normal females had lower cytokine levels in response to ETX challenge compared to males. This diminished cytokine release by normal females may therefore be insufficient to induce the preconditioning mechanisms, resulting in lack of protection from a second insult. In order to evaluate the effect of preconditioning on cytokine expression we measured TNF, IL-1β, and IL-6.
The time sequence of cytokine expression was described by Maass and associates (17) after burn. They noted significantly increased in levels TNF-α at one hour, without changes in the expression of IL-1β or IL-6. Harken's group (27) also described this finding noting that TNF expression occurred 1-2 hours after ETX injury, while Final Accepted Version R-00452-2005.R1 myocardial dysfunction did not occur until 4-6 hours after this insult. Findings from our evaluations were consistent with the above studies. We found that, in the one hour groups, OVX PC+125, OVX PC+500, and PC+500 animals expressed less TNF, while the PC+125 females at one hour released TNF in amounts similar to that of nonpreconditioned animals. Further, the amounts of IL-1β and IL-6 were not different among any of the groups after one hour incubation with ETX, with the exception of PC+125 females which expressed elevated IL-1β at this time point. Work performed by our group has (49) provided evidence that IL-1β and IL-6 expression are downstream of TNF release. These findings suggest that differences in IL-1β and IL-6 expression may occur at a time point later than was measured in our study.
These results clearly show that endogenous estrogen plays an important role in mediating the higher preconditioning injury threshold in females. This highlights the influence of gender in the injury response and may begin to explain the many discrepant clinical findings regarding gender and myocardial injury. hours. PC-groups showed decreased LVDP compared to sham. Normal PC+125 females also were not protected which resulted in impaired myocardial function.
Importantly, OVX PC+125, OVX PC+500 and PC+500 normal females were protected and retained near normal LVDP after preconditioning compared to sham. * p<0.05 vs.
sham, † p<0.05 vs. PC+500, # p<0.05 vs. OVX sham. ETX 500 mcg/kg ETX 125 mcg/kg PC+500 (preconditioned) ETX 500 mcg/kg ETX 500 mcg/kg 
